Abstract-We demonstrate compact architecture of multiwavelength L-band Brillouin-Erbium fiber laser in a Fabry-Perot resonator. The laser architecture utilizes a doublepass Brillouin pump pre-amplification technique to increase the Brillouin gain efficiency. The proposed fiber laser structure is able to operate at shot length of single mode fiber and is able to produce high number of output channels with high peak output power. We are able to generate up to 13 and 25 output channels with a constant wavelength separation of 0.089 nm in a short single mode fiber of 0.1 km and 0.5 km respectively.
I. INTRODUCTION
ultiwavelength laser sources are attracting much interest in optical communication systems because of their numerous applications, such as optical sensing, photonic component characterization and for use in the wavelength division multiplexing (WDM) communication systems [1] [2] [3] . Recently, researchers have viewed multiwavelength Brillouin-erbium fiber lasers (BEFL's), operating on L-band and S-band communication window as a natural extension of the C-band multiwavelength BEFL's for potential increasing the overall capacity of optical networks [4] [5] [6] [7] . A dual cavity L-band BEFL that consists of two erbium-doped ring cavity lasers that share a common length of single-mode fiber has been reported [4] . In the published article, high threshold power of 33 mW was reported to create the first Stokes signal and only ten Stokes lines could be generated. Improvement of number of Stokes lines was achieved by utilizing a long conventional singlemode fiber (SMF) of 10 km in a linear cavity, up to 24 lines were obtained [5] , and with utilization of 11 km long dispersion compensating fiber (DCF), seven output channels were obtained [6] . Moreover, for the S-band BEFL, it was reported that eleven Brillouin Stokes lines was produced at around 1503 nm region [7] . From the previous works utilizing the ring or linear cavity, the generation of multiple Brillouin Stokes lines is a major challenge whereby the maximum number of the generated output lines can be achieved at longer single mode fiber with optimum EDF pump, Brillouin pump power and wavelength [4] [5] [6] [7] [8] [9] .
However, typical non-linear fiber devices required to be several kilometers long for realistic operating powers, which make them impractical for anything other than laboratory usage. Recently the concept of Brillouin pump preamplification technique has been reported to enhance the tuning range of BEFL employing a linear cavity [10] [11] . However in the proposed enhanced technique, the manipulation of the SMF-28 fiber lengths on the enhancement of Brillouin gain has not been investigated to the best of authors' knowledge.
In this paper, a multiwavelength L-band BEFL with double-pass (DP) Brillouin pump (BP) pre-amplified technique within a Fabry-Perot resonator at short SMF-28 fiber length is experimentally investigated. In the scheme, the Fabry-Perot cavity of the laser system is formed by two high reflectivity mirrors (M1 & M2) placed at both ends of the resonator. The main investigation in this approach is the use of BP double-pass technique to enhance the Brillouin gain. Therefore, short SMF-28 fiber length can be used. The results show high number of laser lines up to 13 and 25-channels can be generated at short SMF-28 fiber length of 0.1 km and 0.5 km respectively. Figure 1 depicts the configuration of L-band multiwavelength Brillouin-erbium fiber laser utilizing double-pass BP preamplified technique in a Fabry-Perot cavity. In the scheme, the laser cavity is formed by two high reflectivity mirrors (M1 & M2) at both ends of the resonator. An external-cavity tunable laser source (TLS) with a maximum power of 3.5 mW and 100 nm tuning range from 1520 nm to 1620 nm is utilized as the BP. The Brillouin gain is provided by a length of single mode fiber, SMF-28 fiber. The WSC is used to multiplex the pump and signal lights. The EDF amplifier is used to provide a large amount of amplification to compensate for the cavity loss. As shown in Figure 1 , the BP power is injected through circulator and amplified twice in the EDF before being injected into the SMF-28 fiber. Above the threshold condition, the amplified BP light creates a narrow bandwidth of Brillouin gain in the SMF-28 fiber, which is down-shifted by 0.089 nm from the BP wavelength. This first-order Brillouin Stokes signal is amplified in the EDF twice in a round and then serves as a BP of the next order Stokes signal. A laser comb can be formed between M1 and M2 when the total Brillouin and erbium gains generated become equal to the cavity loss. This cascading effect of Brillouin Stokes signals generation continues until the total gain in the laser cavity is less than the cavity loss at the operating wavelengths. At the steady state condition, a stable laser consisting of the BP and its Brillouin Stokes signals is produced. The output of the BEFL structure is taken at the output port of the circulator as shown in Figure  1 .
II. EXPERIMENTAL SETUP

III. RESULTS AND DISCUSSION
For the conventional BP direct (DR) injection technique, the BP power is directly injected into the SMF-28 fiber without experiencing any pre-amplification whereas on the DP pre-amplified BP technique, the injected BP is preamplified twice before been injected into the SMF-28 fiber. Therefore, the Brillouin gain in the SMF-28 fiber increases due to the high energy, the injected BP accumulates in the EDF gain medium. Figure 2 shows the number of output channels versus 1480 nm pump power at a fixed BP wavelength of 1605 nm with power of 2.2 mW and 0.5 km SMF-28. For DP pre-amplified BP structure, it can be seen that the operation can be shifted to a higher pump power at the advantage of having higher number of stable output channels. This linear trend is attributed by the efficiency of BP suppression on the free-running cavity modes mainly due to its additional intensity provided by the EDF gain medium [10] [11] . On the other hand in the stable region for DR injection of BP power, the 1480 nm pump power up to 90 mW can be derived. Beyond this particular pump power the operation of BEFL will be shared with the free-running EDFL cavity modes which results in unstable operation and reduces the number of output channels generated. The output spectrum of DR injection of BP power and the DP pre-amplification of BP laser structures at BP wavelength of 1605 nm with same 1480 nm pump power and BP power of 120 mW and 2.2 mW respectively is depicted in Figure 3 . As clearly shown in Figure 3 (a) the presence of self-lasing cavity modes add distortion to generated output channels on the region from 1606 nm to 1607.8 nm. On the other hand as depicted in Figure 3 (b) , the additional DP pre-amplification of the BP power can effectively compete with the lasing free-running cavity modes, suppressing these unwanted lasing modes. Therefore, the DP pre-amplification of the BP power has the capability of increasing the Brillouin gain enabling operation at short SMF-28 fiber length. In addition, the DP preamplified BP technique is able to shift the unstable operation to a higher pump power at the advantage of having higher Brillouin Stokes signals.
The maximum number of output channels was obtained by optimizing the BP power and wavelengths at 1480 nm pump power of 120 mW. For 0.1 km of SMF-28 length, the optimum BP power and wavelength was found to be 0.28 mW and 1605 nm respectively. A total of 13 output channels with 0.089 nm stable channels spacing was recorded as depicted in Figure 4 (a) . In addition, for 0.5 km of SMF-28 length, the optimum 1480 nm pump power, BP power and wavelength was found to be 170 mW, 0.54 mW and 1604 nm respectively. A total of 25 output channels with 0.089 nm stable channels spacing was obtained as depicted in Figure 4 (b). The output spectrum is observed from OSA with a resolution bandwidth of 0.015 nm. Referring to Figure 4 (b), the first channel having peak power of 3.5 dBm represents the BP which is also circulating in the laser cavity. The highest Stokes signal peak power was 2.7 dBm at 1604.09 nm. The output intensity variation between the different neighbor Stokes signals was less than 0.9 dB. In addition, the output intensity variation between the highest Stokes signal peak power and the lowest Stokes signal peak power was less than 10 dB. The total output power from this setting was 20.9 mW. The developed DP pre-amplified BP technique is able to produce a good result in terms of number of output channels at short SMF-28 fiber length. 
IV. CONCLUSION
This paper has presented the characteristics of multiple wavelength L-band BEFL with double-pass pre-amplified BP power technique at short SMF-28 fiber length in a FabryPerot resonator. The requirement of long SMF-28 fiber to increase the Brillouin gain efficiency has been overcame by DP pre-amplified BP power technique. The DP preamplified BP technique has the capability to operate at short length of SMF-28 fiber. It was also able to shift the unstable operation of the BEFL to a higher pump power at the advantage of having higher Brillouin Stokes signals. In the research work, up to 13 and 25 output channels are achieved at 0.1 km and 0.5 km of SMF-28 fiber length respectively. These experimental results have evidently shown that the laser structure is able to produce high number of output channels with high output power at short SMF-28 fiber length.
